arfan's syndrome is an abiotrophy with progressive changes involving many systems, including the musculoskeletal and cardiovascular systems, the eye, and the lung. It is common not to appreciate the existence of the syndrome until late childhkd or even adult life, because many diagnostic manifestations are not immediately apparent and only become recognized as this autosomal dominant disorder progresses. Cardiovascular involvement, while sometimes delayed until adult life, may be recognized in early childhood and even in the newborn period. The cardiovascular complications are responsible for the vast majority of premature deaths in this syndrome, 52 of 56 deaths of known cause in a recently published series. ' Because of its noninvasive qualities, echocardiography would appear to be an excellent means for the sequential study of patients suspected of having Marfan's syndrome with involvement of either the mitral valvular apparatus or aortic root. This prospective study was undertaken to evaluate the use of echocardiography in cardiovascular diagnosis, medical management, and informed invasive intervention.
The 26 patients (12 male and 14 female) in this series with sufficient features to make a coddent clinical diagnosis of Marfan's syndrome,a.3 were evaluated by 12-lead electrocardiograms and anteroposterior and lateral chest x-ray films, 'From the Departments of Pediatrics, Radiology, and Medicine, University of Colorado Medical Center and St. Anthony Hospital, Denver. Supported by grant 05981 from the National Heart and Lung Institute and contract N01-HD-4-2845 from the Na- as well as by echocardiographic examination. The patients ranged in age from 2 days to 51 years (Table 1 ). Cardiac catheterization and angiocardiographic studies were performed in 5 of the 26 patients ( 3 of whom subsequently underwent cardiac surgery). Two patients died, and autopsy studies were performed.
Echocardiographic examinations were performed using an ultrasonic s m (Unirad C-100) with a 2.25-MHz focused -.
transducer. All patients were studied in the recumbent position at 30° and 45' with the transducer positioned along the lower left sternal border in the third, fourth, or fifth intercostal space. Various transducer positions were used in the determination of intracardiac dimensions, including right ventricular, aortic-root, left atrial, and left ventricular dimensions, as well as calculation of excursion and diastolic descent slope of the tricuspid and mitral valvular leaflets as previously described.4 Aortic-root dimensions6 and aortic flow: left ventricular volume,7 mass,s and circumferential-fiber shortenings were calculated by previously described methods. Permanent echocardiographic determinations were made utilizing a camera (Polaroid) and strip-chart recordings during the M-mode echocardiographic examination.
Left atrial and aortic-root dimensions obtained in patients with Marfan's syndrome were compared with echocardiographic measurements of 38 normal adults and 25 normal children studied in our laboratories (Table 2) . Previous measurements in 25 neonates from this laboratwy have been previously described.5
Mean aortic-root dimensions for the entire group of patients with Marfan's syndrome averaged 3.2 k 1.0 cm, which did not significantly differ from aorticroot dimensions in normal subjects in our laboratory (3.2 + 0.6 cm); however, when corrected to body surface area, striking differences were noted, particularly with regard to patients 1, 2, and 3, whose aortic-root dimensions ranged from 5.4 to 8.2 cm/ sq M, which was outside the normal range for neonates or for the normal children. The average aortic-root diameter per square meter of body surface area in the group with Marfan's syndrome was 
No Cardiac Abnormalities
Four patients with skeletal and ocular manifestations of Marfan's syndrome had no evidence of demonstrable cardiac abnormalities by ECG, chest x-ray films, or echocardiographic studies and will not be discussed further.
Combined Aortic and Mitral Disease lar leaflets were observed in two patients (patients 1 and 4). Serial echocardiographic and clinical examinations in these patients have revealed no change in their clinical status, and they are asymptomatic.
One newborn (case 2) had refractory congestive heart failure and extreme cardiomegaly on the second day of life. An ECG revealed left atrial enlargement and minimal right ventricular hypertrophy for that age. A chest x-ray film demonstrated cardiomegaly with left ventricular prominence and left atrial enlargement. An echocardiogram was obtained ( Fig 1 ) . The aortic root measured 1.50 cm in diameter, and the left ventricular internal dimensions were similarly increased. The mitral to aortic valvular sweep revealed redundancy or prolapse, or both, of the mitral valvular leaflets. At two weeks of age, cardiac catheterization was performed with left ventricular cineangiographic studies demonstrating a dilated aortic root with prominent sinuses of Valsalva and mitral insufficiency. Because of the presence of severe congestive heart failure, propranolol therapy was not instituted at the time of hospitalization; however, oral therapy with propranolol was subsequently prescribed. Seven months later, a repeat echocardiogram revealed an increase in the aortic-root diameter from 1.50 to 2.40 cm (over twice the normal diameter for this age), as well as marked redundancy or prolapse, or both, of the mitral leaflets. Progressive left atrial and left ventricular enlargement was recorded.
A 16-year-old girl with marked ocular and skeletal abnormalities of Marfan's svndrome (case 3) exhibited normal results of an initial E~G , caidiac examination, and chest x-ray film, except for the -Four patients presented with clinical and echomarked skeletal deformities; however, echocardiocardiographic evidence of involvement of the mitral graphic examination (Fig 2) demonstrated marked apparatus and aortic root with various degrees of redundancy or prolapse, or both, of the mitral leafseverity. Moderate dilatation of the aortic root and lets without abnormalities of intracardiac dimenprolapse or redundancy, or both, of the mitral valvusions. Seventeen months after her initial cardiac and an accentuated pulmonic closure of her second heart sound. The patient's chest x-ray film remained essentially unchanged, except for the skeletal abnormalities, and her ECG now revealed frequent unifocal ventricular premature contractions. A repeat echocardiogram documented a marked enlargement of the aortic-root diameter, as well as left ventricular and left atrial enlargement. Echocardiographic evaluation also demonstrated an increased left-ventricular stroke volume, end-diastolic volume, and end-systolic volume with a normal ejection fraction. The patient has been treated with digitalis and started on diuretic therapy with cardiac catheterization pending.
Mitral Valvulur Abnormalities
Twelve patients presented with murmurs of mitral insufficiency. Seven of the patients had normal ECGs, and five exhibited ventricular premature contractions. The seven patients (cases 5 to 11 ) with the midsystolic clicks or late-systolic murmurs, or both, of mitral valvular dysfunction demonstrated midsystolic to late-systolic prolapse of the rnitral leaflets.
In all seven patients, echocardiographic determinations of calculated left-ventricular enddiastolic, endsystolic, and stroke volumes, as well as ejection fraction, were within normal limits. Left atrial dimensions similarly were within normal limits. Five patients with holosystolic murmurs of mitral insufficiency demonstrated holosystolic bowing of the m i d valvular leaflets (cases 12 to 16). Intracardiac dimensions, specifically the left atrial and left ventricular dimensions, were also normal in this group of patients.
Aortic-Root Abmmalities
Six patients presented with primary abnormalities involving the aortic root (cases 17 to 22). Two patients presented with the clinical diagnosis of aorticroot dissection.
A 51-year-old woman (case 17) was first seen with pain in the anterior portion of her chest in 1971, at which time a diagnosis of type3 dissecting aneurysm was made, and subsequent surgical repair was successful. A Dacron prosthesis was placed in the distal subclavian to the level of the diaphragm. Approximately one year following this incident, the patient developed markedly severe pain in the anterior portion of the chest, with an increase in the size of the silhouette of her ascending aorta. A repeat aortogram at that time revealed evidence of dilatation of the aortic root; however, medical therapy was attempted for the next nine months without significant improvement in her pain. Sequential echocardiographic examinations revealed progressive enlargement of the dilated aortic root. Essentially normal intracardiac dimensions were noted, without evidence of mitral valvular abnormalities. In September 1973, however, the patient experienced excruciating pain in the anterior portion of the chest, at which time a repeat echocardiogram was obtained, which demonstrated, in addition to aortic root dilatation, separation of the posterior aortic root in a pattern suggestive of aortioroot dissection, as well as a blurred configuration of the anterior aortic root, suggesting the presence of a dissecting hematoma. Emergency surgery was performed without benefit of repeat aortographic studies, at which time a tear in the posterior aortic root and a hematoma occupying the anterior aortic root were confirmed. The aortic root was successfully resected, and a Dacron prosthesis was inserted. The patient did well until approximately 18 months after surgery, at which time she died suddenly. Autopsy demonstrated a third aneurysmal rupture in the transverse arch of the aorta, with massive hemonhage into the left pleural space.
By echocardiographic studies with subsequent aortographic studies, a 30-year-old man (case 18) was diagnosed as having a dissecting hematoma involving the anterior aortic root. He underwent successful replacement of his aortic valve and ascending aorta and is alive and well 38 months after surgery. Four patients had echocardiographic demonstration of dilatation of the aortic root (cases 19 to 22 ). One patient ( case 19) has been followedup for 3% years with essentially no change in his intracardiac dimensions, except for the slightly dilated ascending aorta. Two patients (cases 20 and 22) exhibited marked aortic-root dilatation with increasing syrnptomatology. A 42-year-old man (case 20) has been treated medically because of demonstrated aneurysmal dilatation of the sinuses of Valsalva following implantation of an aortic valvular prosthesis in 1965. A second patient, a 53-year-old man (case 22), underwent successful Dacron replacement of the ascending aorta and is alive and well 22 months after surgery. A 28year-old man (case 21) presented with refractory congestive heart failure and mitral and aortic insufficiency; echocardiographic studies were performed, demonstrating a markedly dilated aortic root, left atrium, and left ventricle with severely impaired left ventricular contractility (Fig 3) . Despite medical therapy, the patient died. At autopsy the heart weighed 1,380 gm, with an aorticroot circumference of 14 cm.
The average age at death in patients with Marfan's syndrome is 32 a 16 years,' with cardiovascular disease accounting for all but a small percentage of these deaths. The problem of how to provide medical management that will yield longer life expectancy and less disability relates directly to how well the cardiovascular disability is managed, and this, in turn, depends upon how much information the physician has about the cardiovascular system. Echocardiography is a noninvasive technique which, when considered in addition to routine chest x-ray films and the ECG, provides the type of information previously obtained only by cardiac catheterization and angiocardiographic studies. Dimensions of the aortic root, left atrium, and left ventricle are measurable, and this provides the clinician with invaluable data to be used in determining the timely intervention of cardiac catheterization or surgical correction, or both. In addition, these measurements may also be assessed in a serial manner to monitor the cardiac status with or without medication such as propranolol.
Several recent reports have documented the accuracy and usefulness of echocardiography in the detection of aortic-root dissection or dilatation, or b~t h .~, '~-'~ We have found echocardiography, particularly when used sequentially in patients with documented aortic-root dissection or dilatation, or both, to be extremely helpful in deciding whether to perform or avoid cardiac surgery with its attendant risks." The patient with dissecting hematoma may die from a number of causes secondary to the dissecting hematoma itself, including hemopericardium with cardiac tamponade, occlusion of the coronary ostiurn as a result of the dissection with subsequent myocardial infarction, or acute aortic insufficiency with progressive refractory congestive heart failure. Echocardiography has been used to determine the hemodynamic burden presented by the regurgitant jet as a result of aortic valvular insuffi~iency,'~*'~ and these principles have been extrapolated to patients with aortic insufficiency secondary to dilatation of the aortic root." Identification of those patients requiring immediate or delayed surgical correction of the hemodynamic burden, therefore, may be successfully determined by echocardiographic measurements, particularly when used in conjunction with standard aortographic studies initially. Echocardiographic differentiation of mitral valvular dysfunction has been described in numerous rep o r t~. ' "~~ By obtaining initial echocardiograms during the primary evaluation of a patient suspected of having mitral valvular dysfunction and by sequential observation of echocardiograms, ECGs, and chest x-ray films, rapid progression of the mitral valvular insufficiency was demonstrated in one of our patients; presumably this would be an ideal way to evaluate patients in whom repeated cardiac catheterization studies are not feasible. A recent study of Marfan's syndrome in infancy and childhoodz1 has noted that mitral insufficiency was the most frequently encountered cardiac lesion (47 percent). The authors pointed out that infants and children with Marfan's syndrome who exhibited combined mitral and aortic insufficiency had a rapidly deteriorating clinical course with an extremely high mortality. Patients with Marfan's syndrome and mitral disease alone can also have rapid progression and become acute surgical emergen~i e s .~~ More recently, studies have shown that aggressive surgical correction would appear to be of some value in the management of patients with Marfan's syndrome with rapid progression of either mitral or aortic involvement, or
In addition to the demonstration of mitral valvular disorders of clinical significance, our experience with relatives of the affected probands would indicate that echocardiography may indeed demonstrate unsuspected mitral valvular abnormalities. Echocardiographic examinations of several of the families involved in this study demonstrate what appears to CHEST, 69: 1, JANUARY, 1976 ECHOCARDIOGRAPHY I N MARFAN'S SYNDROME 77 be possibly an inherited tendency towards the same type of cardiovascular disability within the same families. We propose that anatomic and functional changes which would prompt alterations of medical management, surgical intervention, or possibly genetic counseling may be detected by echocardiography in a prospective manner and that this technique should receive strong consideration as an aid in the management of patients with Marfan's syndrome.
